Background {#Sec1}
==========

Idiopathic pulmonary fibrosis (IPF) is a chronic disease of unknown etiology characterized by a deterioration of the structure of lung parenchyma, thus resulting in a progressive decline of respiratory function and early mortality \[[@CR1]\].

In the course of the disease, patients suffering from IPF may develop acute exacerbations of respiratory function impairment, referred to as AE-IPF \[[@CR2]\], which can lead to severe acute hypoxemic respiratory failure, sharing common features with acute respiratory distress syndrome (ARDS).

Although patients with AE-IPF receive mechanical ventilation in the intensive care unit (ICU), few studies report their inhospital mortality risk compared to ARDS \[[@CR3]\]. Moreover, while an approach with protective mechanical ventilation at low tidal volume is essential to improve survival in ARDS, the least harmful mechanical ventilation strategy is not yet fully elucidated in AE-IPF patients. Table [1](#Tab1){ref-type="table"} presents a comparison of diagnostic criteria for AE-IPF and ARDS, highlighting a clear overlap between the two conditions.Table 1Ultimate definition and diagnostic criteria of AE-IPF and ARDSAE-IPFARDS*Revised definitionBerlin definition*An acute, clinically significant respiratory deterioration characterized by evidence of new widespread alveolar abnormalityA type of acute diffuse, inflammatory lung injury, leading to increased pulmonary vascular permeability, increased lung weight, and loss of aerated lung tissue. The clinical hallmarks are hypoxemia and bilateral radiographic opacities, associated with increased venous admixture, increased physiological dead space, and decreased lung compliance. The morphological hallmark of the acute phase is diffuse alveolar damage (i.e., edema, inflammation, hyaline membrane, or hemorrhage)*Diagnostic criteriaDefinition criteria*Previous or concurrent diagnosis of IPFAcute worsening or development of dyspnea typically \< 1 month in durationOnset of lung injury within 1 week of a known clinical insult or new or worsening respiratory symptomsComputed tomography with new bilateral ground-glass opacity and/or consolidation superimposed on a background pattern consistent with usual interstitial pneumonia patternBilateral opacities---not fully explained by effusions, lobar/lung collapse, or nodulesDeterioration not fully explained by cardiac failure or fluid overloadRespiratory failure not fully explained by cardiac failure or fluid overload*AE-IPF* acute exacerbation of idiopathic pulmonary fibrosis, *ARDS* acute respiratory distress syndrome

The purpose of this narrative review is to discuss the pathophysiological similarities and differences between AE-IPF and ARDS and to analyze the evidence on treatments currently proposed for AE-IPF, including mechanical ventilation strategies and other therapies.

ARDS and AE-IPF: similarities and differences {#Sec2}
=============================================

Diffuse alveolar damage {#Sec3}
-----------------------

The typical pathological feature of AE-IPF is the presence of diffuse alveolar damage (DAD) superimposed on the usual interstitial pneumonia (UIP) pattern \[[@CR4]\]. The term DAD was proposed by Katzenstein et al. \[[@CR5]\] to describe an aspecific acute reaction of the lung to several different pathogenic *noxae*, including sepsis, pneumonia, and exposure to high oxygen concentration. DAD is also the histologic hallmark of ARDS, although this feature can only be found at biopsy in about half of patients meeting the clinical criteria for ARDS diagnosis \[[@CR6]\]. In this setting, an exudative phase with endothelial and alveolar epithelial injury and cellular exudate and hyaline membrane deposition develops during the first week from onset. In patients with a condition lasting longer than 3 weeks, proliferation of alveolar cell type 2 and fibroblasts with fibrotic deposition then occurs in 2/3 of cases \[[@CR7]\]. Data on histological findings of DAD over AE-IPF development are not available, but it is likely that alveolar damage in survivors may lead to a proliferative reaction with further lung fibrosis.

A retrospective analysis in patients with ARDS who underwent open lung biopsy showed a significant increase in hospital mortality in patients with DAD compared to those without DAD (71.9% vs 45.5%) \[[@CR8]\]. Despite this, mortality in patients with ARDS developing DAD is still lower than that reported in AE-IPF patients undergoing invasive mechanical ventilation, which can reach 95% \[[@CR9]\]. It is likely that, in patients with IPF, the greater susceptibility of the lung to develop ventilator-induced lung injury (VILI), the impaired ability to repair the acute alveolar damage, and the older age of patients might play a role to explain the worse mortality rate.

Some evidence shows that the clinical features and prognosis of AE-IPF according to the mentioned definition are very similar to the exacerbation of IPF with known cause such as pneumonia or aspiration \[[@CR10]\]. Since exacerbation in both idiopathic and non-idiopathic disease results in the development of DAD superimposed on the UIP pattern, a revision of the definition of AE-IPF was proposed focusing on pathobiology. Thus, AE-IPF has been defined as the occurrence of clinical and radiological acute lung injury with DAD regardless of the trigger condition \[[@CR11], [@CR12]\].

Lung inflammation {#Sec4}
-----------------

During the course of AE-IPF, the percentage of neutrophils in bronchoalveolar lavage (BAL) fluid is significantly increased compared with stable chronic IPF, while lymphocytes and macrophages are reduced \[[@CR13]\]. This cell pattern is similar to that found in patients with ARDS, which suggests a common inflammatory pathway.

In AE-IPF, the upregulation of M1 macrophage activation chemokines such as IL-8 and CXCL1 results in neutrophil chemoattraction. Interestingly, in animal models, the increased expression of CXC chemokines and their interaction with the CXCR2 receptor are involved in the lung sequestration of neutrophils following mechanical stress due to ventilation, thus suggesting a role in the development of VILI \[[@CR14]\]. Furthermore, some studies indicate a relationship between IL-8 overexpression in BAL and the development of ARDS in patients at risk \[[@CR15]\]. Acute hypoxia could act as a proinflammatory stimulus leading to a rapid increase of intrapulmonary IL-8, released by alveolar macrophages with attraction of neutrophils and subsequent alveolar and endothelial injury \[[@CR16]\].

The alternative M2 macrophage activation pathway was also observed in AE-IPF, playing a determinant role in damage healing \[[@CR13], [@CR17]\]. A direct link between injury to type II alveolar epithelial cells and the accumulation of interstitial collagen by M2 pathway activation was reported \[[@CR18]\], which could stimulate repair by fibroblast proliferation and epithelial--mesenchymal transition. This repair process, however, appears to fail in AE-IPF, thus resulting in persistent M2 pathway activation and irreversible lung fibrosis \[[@CR19]\]. A recent study on lungs of transplanted IPF patients showed that inflammatory infiltration and DAD are even present in IPF with an accelerated functional decline, suggesting that inflammation may play a role in disease progression \[[@CR20]\]. Further evidence that the cytokine profile in the rapidly deteriorating IPF patient appears predominantly proinflammatory rather than profibrotic, approximating that of ARDS of any etiology rather than an accelerated intrinsic fibrotic process, has been provided by Papiris et al. \[[@CR21]\].

Therefore, both ARDS and AE-IPF share an overexpression of proinflammatory cytokines produced by alveolar macrophages with chemotaxis of neutrophils. However, overexpression of anti-inflammatory M2 cytokines with a profibrotic role is simultaneously present only in AE-IPF (see Fig. [1](#Fig1){ref-type="fig"}).Fig. 1During AE-IPF, lung inflammation is driven by upregulation of macrophage activation pathways. M1 pathway classically activated by Th1 cytokines (IFN-γ) leads to increased IL-8 and CXCL1 expression and neutrophil recruitment though CXCR2 receptor. M2 pathway activated by type II alveolar epithelial cell injury might perpetuate lung fibrosis boosting collagen deposition, fibroblast proliferation, and epithelial--mesenchymal transition. AE-IPF acute exacerbation of idiopathic pulmonary fibrosis, DAD diffuse alveolar damage, IL interleukin, INF interferon

Respiratory mechanics and ventilator-induced lung injury {#Sec5}
--------------------------------------------------------

In patients with ARDS, several studies have documented changes in lung mechanics, describing the role of mechanical ventilation in the development of VILI and the consequent increased risk of death \[[@CR22]\]. Much less is known concerning the impact of VILI on mortality in AE-IPF patients. Despite this, the aforementioned shared pathophysiological features provide a rationale for translating to AE-IPF the lessons derived from ventilatory management in ARDS patients. Moreover, VILI can occur also in patients without ARDS \[[@CR23]\], even in those with healthy lungs, providing a stringent rationale for developing lung-protective strategies for all indications of mechanical ventilation, from the operating room to any critically ill patient.

Over the past 20 years, following the awareness that VILI can highly contribute to mortality, the goal of mechanical ventilation in ARDS has changed from improving gas exchange to protecting the lung from the damage induced by mechanical ventilation \[[@CR24], [@CR25]\]. Unphysiological stress (distension of force per unit area as defined by the transpulmonary pressure reached at end inspiration) and strain (deformation, namely the ratio of tidal volume to the end-expiratory lung volume, V~T~/EELV) applied to the lung tissue are the physical forces responsible for the development of VILI \[[@CR26], [@CR27]\].

Defining a threshold of safety for stress and strain remains a challenge \[[@CR28]\]. Transpulmonary pressure measurement (the difference between airway and pleural pressure, estimated assuming that the pleural pressure approximates the esophageal pressure) \[[@CR29]\] could add information for patients with AE-IPF, who also have increased chest wall stiffness, as is the case of morbidly obese patients, in addition to the expected increase in lung elastance.

Since stress and strain are not measured routinely, the plateau pressure and the tidal volume are considered surrogates of stress and strain, respectively, and are monitored closely in clinical practice when setting the ventilator in patients with ARDS. Currently, it is recommended to maintain an airway plateau pressure below 30 cmH~2~O and set a V~T~ less than 6 ml/kg of predicted body weight \[[@CR24]\]. Notwithstanding, the plateau pressure and V~T~ are parameters that are easy to monitor during mechanical ventilation but inadequate to truly represent the stress and the strain applied to the lung \[[@CR28]\].

Recently, interest has grown toward the variation of airway pressure achieved during tidal breath (namely the airway driving pressure, ΔP). ΔP equals plateau pressure minus positive end-expiratory pressure and can be considered the *dynamic stress*, representing the ratio between V~T~ and the compliance of the respiratory system. It is reasonable to assume that compliance and end-expiratory lung volume (EELV), both being associated with the severity of lung injury, are correlated: under this assumption, ΔP would also reflect V~T~/EELV (i.e., strain). Thus, the ΔP of the respiratory system or the lung represents a simple and promising tool at the bedside to monitor the injury caused by ventilation.

The transpulmonary pressure (∆P~L~) and the absolute level of transpulmonary pressure at end inspiration depend on the ratio between lung elastance (E~L~) and the total elastance of the respiratory system (E~TOT~ = E~L~ + E~CW~) according to the following equation \[[@CR30]\]:$$\documentclass[12pt]{minimal}
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This ratio is normally 0.5 at functional residual capacity. In patients with ARDS, acute lung injury is known to cause a significant increase in total elastance secondary to the increase in lung elastance, but possibly also to the chest wall elastance \[[@CR31]\]. The E~L~/E~TOT~ ratio may vary substantially and ranges from 0.2 to 0.8 \[[@CR32]\]. This means that patients with the same plateau pressure can have harmful or safe transpulmonary pressures \[[@CR33]\].

Another aspect that must be considered in ARDS is that the inhomogeneity of the lung might act regionally as a stress raiser, increasing the pressure applied to patent respiratory units surrounded by nonaerated units \[[@CR34]\].

Finally, in the very last years, the concepts of mechanical energy \[[@CR35]\] and power \[[@CR36]\] have been introduced to describe VILI in terms of energy transfer from the ventilator to the respiratory system. These concepts still require extensive validation, but have the advantage of trying to combine all of the different aspects of VILI into a single parameter.

All of these features and concepts specifically refer to ARDS, and much less is known for AE-IPF. In a single study evaluating the respiratory mechanics of mechanically ventilated patients with end-stage IPF \[[@CR37]\], a marked increase in the elastance of the respiratory system (51 cmH~2~O/L) was reported, mainly due to an abnormal lung elastance (46 cmH~2~O/L) with a normal chest wall elastance (5 cmH~2~O/L) and an E~L~/E~TOT~ ratio around 0.9: In this case, the application of a plateau pressure of 30 cmH~2~O at a PEEP of 4 cmH~2~O, which are elevated pressures often seen in AE-IPF patients, causes a ∆P of 30 -- 4 = 26 cmH~2~O, with an absolute end-inspiratory transpulmonary pressure of 30 × 0.9 = 27 cmH~2~O. Both values are above acceptable levels. If feasible in terms of gas exchange, a reduction of plateau pressure and driving pressure should be warranted.

Furthermore, alveolar collapse and consolidation, that are responsible for permanent derecruitment, are present in IPF and do not improve with the application of positive pressure to the airways. Collapse induration is characterized by septal wall thickening and alveolar epithelial hyperplasia, with obliteration of alveoli due to enlargement and overgrowth of epithelial type II cells \[[@CR38]\]. It is therefore easy to understand that the application of a high PEEP to these lungs cannot result in recruitment of hypoventilated areas, but can facilitate overinflation in the spared areas of the lung, with further deterioration of its mechanical properties. In agreement with this concept, one study showed that a high PEEP level in patients with interstitial lung disease undergoing mechanical ventilation is independently associated with increased mortality \[[@CR39]\].

Therefore, despite some similarities with ARDS, the lung in AE-IPF is characterized by some unique pathophysiological properties (i.e., collapse induration areas, elevated lung elastance, high inhomogeneity) that might make it more susceptible to VILI. Figure [2](#Fig2){ref-type="fig"} summarizes the mechanisms leading to VILI in AE-IPF.Fig. 2Mechanisms of ventilation-induced lung injury in patients with AE-IPF. El elastance of lung, Etot elastance of respiratory system, Paw airway pressure

Respiratory assistance {#Sec6}
======================

Few studies have evaluated the outcome of patients with AE-IPF receiving mechanical ventilation in the ICU, and in addition they all share important limitations (see Table [2](#Tab2){ref-type="table"}): single-centered and retrospective analysis; limited number of patients included; unclear or unreported mode of ventilation and setting; and heterogeneous use of drugs \[[@CR4], [@CR39]--[@CR42]\]. Overall, the available data are consistent in stating that invasive mechanical ventilation cannot significantly modify the poor prognosis of these patients \[[@CR9]\]. Despite the aforementioned studies being performed before the extensive use of protective mechanical ventilation to prevent VILI, the American Thoracic Society guidelines on IPF recently recommended the use of mechanical ventilation only in a few selected patients developing severe AE \[[@CR1]\]. More recently, a multicenter retrospective study in the United States documented an overall mortality rate of 51% in a large group of mechanically ventilated AE-IPF patients \[[@CR3]\], still higher than that reported in severe ARDS (about 40%) \[[@CR43]\] but lower than that described previously. Thus, one could speculate that advances leading to a better ventilator management and outcome of patients with ARDS may have also positively influenced the outcomes in ventilated AE-IPF.Table 2Studies investigating the use of mechanical ventilation in patients experiencing AE-IPF and major outcomesStudyTime frame*N*MVAE-IPFNIVVentilator settingICU mortalityHospital mortalityMolina-Molina et al. \[[@CR106]\]1986--20021414NRNRNRNR85% (11/13)Nava and Rubini \[[@CR37]\]199877NR0V~T~ 8.3 ml/kg86% (6/7)NRStern et al. \[[@CR107]\]1991--1999232316NRV~T~ 8--13 ml/kg96% (22/23)96% (22/23)Blivet et al. \[[@CR108]\]1989--1998151565NR73% (11/15)87% (13/15)Saydain et al. \[[@CR109]\]1995--20003819157NR68% (13/19)61% (23/38)Fumeaux et al. \[[@CR110]\]1996--200114^a^14NR11V~T~ 7--9 ml/kg100% (14/14)100% (14/14)Al-Hameed and Sharma \[[@CR80]\]1998--20002525253PEEP 7 cmH~2~O84% (21/25)96% (24/25)Kim et al. \[[@CR4]\]1990--20031099NRNR78% (7/9)78% (7/9)Pitsiou et al. \[[@CR30]\]2001--20051212NRNRNR100 (12/12)100% (12/12)Rangappa and Moran \[[@CR112]\]1996--200624198NRNR67% (16/24)92% (22/24)Fernandez-Pèrez et al. \[[@CR113]\]2002--20063030NRNRV~T~ 7--8 ml/kgNR60% (18/30)Mollica et al. \[[@CR114]\]2000--200734342219V~T~ 7.5 ml/kg or PS/PEEP 18/7 cmH~2~O100% IMV, 73% NIV85% (29/34)Yokoama et al. \[[@CR85]\]1998--200411111111CPAP 10 cmH~2~O, PS/PEEP 5/10 cmH~2~ONR56% (6/11) (3 months)Gungor et al. \[[@CR115]\]2000--20079696NR28V~T~ 6-8 ml/kg, PEEP 5--7 cmH~2~O64% (61/96)NRVianello et al. \[[@CR116]\]2005--20131818618PEEP 5--8 cmH~2~O56% (10/18)NRGaudry et al. \[[@CR117]\]2002--20092222NR0V~T~ 5.9 ml/kg, PEEP 7.1 cmH~2~O67% (17/22)NRAliberti et al. \[[@CR41]\]2004--200960602460CPAP 8 cmH~2~O, PS/PEEP 5/15NR35% (21/60)Total453428142162*AE-IPF* acute exacerbation of idiopathic pulmonary fibrosis, *MV* mechanical ventilation, *NIV* noninvasive mechanical ventilation, *ICU* intensive care unit, *NR* not reported, *V*~*T*~ tidal volume, *PEEP* positive end-expiratory pressure, *PS* pressure support, *CPAP* continuous positive airway pressure^a^Three non-IPF

Overall, the inconsistency of data and the lack of extensive evidence still suggest considering ICU admission and respiratory assistance only in selected cases of AE-IPF, mainly based on the following criteria: shorter time from diagnosis, accounting for the fact that average survival is 3 years; younger age and fewer comorbidities; and eligibility and high chances of lung transplantation \[[@CR44]\].

Although not yet determined by specific studies, available options to deliver respiratory assistance are as follows: controlled ventilation mode, prone position, assisted ventilation mode and extracorporeal membrane oxygenation (ECMO).

Controlled ventilation modes {#Sec7}
----------------------------

Pressure-controlled or volume-controlled invasive ventilation is the most widely applied mode of respiratory support for AE-IPF. As learned from ARDS, even in AE-IPF the main objective of ventilation should be lung protection, avoiding VILI (see earlier) while ensuring an acceptable, but not necessarily optimal, gas exchange. As reported in the literature, it is reasonable to apply a tidal volume even lower than 6 ml/kg of ideal body weight to target a plateau pressure lower than 30 cmH~2~O \[[@CR45]\]. Moreover, these patients require a higher respiratory rate and minute ventilation, due to an increased physiologic dead space, allowing permissive hypercapnia.

Despite the lack of studies about the usage of neuromuscular blockade in IPF patients, we could hypothesize that complete muscle paralysis at the early onset of severe AE could help in reducing the lung stress and strain, and avoiding a deleterious patient--ventilator asynchrony \[[@CR46]\]. Positive end-expiratory pressure (PEEP) should be set at low--moderate levels (e.g., 4--6 cmH~2~O), taking into account the intrinsic low recruitability potential, with high risk of hyperinflation. Indeed, poor survival with high end-expiratory pressure applied has been documented in a cohort of patients with interstitial lung disease \[[@CR47]\]. An *open lung approach*, with recruitment maneuvers, recently questioned even in the early phase of ARDS \[[@CR48]\], has no physiological rationale in AE-IPF, and should therefore be avoided.

In patients with AE-IPF with high plateau pressure, the measurement of esophageal pressure (Pes) as a surrogate marker of pleural pressure may allow one to identify the lung stress and the risk of injury from ventilation by calculating the inspiratory transpulmonary pressure. To date, only experimental models suggest setting the protective mechanical ventilation to a 'probably safe' P~L~ level \[[@CR27]\], namely below 20 cmH~2~O in homogeneous lungs or below 12 cmH~2~O in inhomogeneous lungs, as is the case in AE-IPF \[[@CR29]\].

Prone position {#Sec8}
--------------

Prone position (PP) has been used since the 1970s as a rescue therapy for severe hypoxemia in patients with ARDS \[[@CR48]\]. An improvement of oxygenation with PP occurs regardless of the cause of ARDS, and it is most evident during the exudative early phase of the disease \[[@CR49]\] or when applied early for at least 16 h per day in moderate-to-severe ARDS (PaO~2~/FiO~2~ \< 150 mmHg) \[[@CR50]\].

Only one study has evaluated the effect of PP on gas exchange in pulmonary fibrosis by comparison with both hydrostatic pulmonary edema and ARDS \[[@CR51]\]. In patients with fibrosis, changing the position from supine to prone did not improve oxygenation, while there was an increase of the plateau pressure and a reduction in Crs \[[@CR52]\]. Therefore, prone positioning in AE-IPF cannot be recommended.

Assisted ventilation modes {#Sec9}
--------------------------

Spontaneous assisted breathing can have beneficial effects on shunt reduction and improvement in oxygenation, maintaining diaphragmatic tone and increasing dependent lung ventilation, in moderate but not severe acute respiratory failure \[[@CR53], [@CR54]\]. Nonetheless, experimental data suggest that spontaneous breathing activity can improve lung function and decrease inflammation in moderately injured lungs \[[@CR55]\].

During assisted spontaneous breathing, inspiratory muscle activity leads to negativity of the pleural pressure, and thoracic structures are subject to inward forces. Patients with AE-IPF have a significant hyperactivation of the respiratory drive with a pleural swing that can even reach −30 to −40 cmH~2~O. This means that, during assisted ventilation, this is the major contribution to the total transpulmonary pressure, also when airway pressure is apparently low. Even at comparable flow and volume conditions, spontaneous breathing can be more injurious when patients present a high respiratory drive \[[@CR56]\].

The reason for this effect on pulmonary stress depends on several factors. First, airway pressure can fall under end-expiratory pressure during spontaneous breathing, when performing vigorous inspiratory efforts \[[@CR57]\]. In this case, pulmonary vessels are subject to negative pressure, with increased transmural vascular pressure, risk of alveolar edema, and progression to VILI. Second, the change in transpulmonary pressure during the respiratory effort occurs inhomogeneously, resulting in a heterogeneous lung expansion without a gain in V~T~ \[[@CR58], [@CR59]\]. This phenomenon is related with the *pendelluft* effect*,* namely the fast exchange of gas volume that occurs during strong effort between different regions of the lung before starting V~T~, with deflation of nondependent regions and gas swing toward the dependent regions, which leads to increased local stretch: this regional inflation--deflation pattern is considered one of the causes of injury. Third, patient--ventilator asynchrony may increase the risk of lung injury \[[@CR58]\]. Early use of neuromuscular blocking agents in severe hypoxemia (Pa/FIO~2~ \< 120 mmHg) may counteract these potentially detrimental effects of assisted breathing, resulting in improved survival.

In patients with AE-IPF, monitoring the respiratory drive with occlusion pressure (P~01~), esophageal pressure, and V~T~ during spontaneous breathing could therefore be helpful in identifying patients at risk of self-inflicted lung injury (SILI) and to verify favorable changes when invasive pressure support ventilation is applied \[[@CR56]\]. Since the respiratory drive is not only affected by the level of pressure support but also by the degree of sedation, use of sedatives could be considered part of a protective ventilation strategy in patients with high respiratory drive. Figure [3](#Fig3){ref-type="fig"} shows mechanical tracing and chest tomography in two patients with AE-IPF subjected to a similar level of pressure support ventilation but with different activation of respiratory drive, as reflected by the different esophageal pressure swing and pulmonary stress.Fig. 3**a** Patient with AE-IPF during assisted spontaneous breathing with end-expiratory positive pressure of 4 cmH~2~O and pressure support of 10 cmH~2~O. Note ΔPes of 30 cmH~2~O due to respiratory drive hyperactivity. **b** Thorax CT scan performed on same patient as (a), showing anterior left pneumothorax probably due to high transpulmonary pressure. Note homogeneous increase of parenchymal density. **c** Patient with AE-IPF during assisted spontaneous breathing with end-expiratory positive pressure of 4 cmH~2~O and pressure support of 10 cmH~2~O. Note ΔPes of 5 cmH~2~O due to normal activation of respiratory drive. **d** Thorax CT scan performed on same patient as (b) showing nonhomogeneous opacities in lung parenchyma. Pes esophageal pressure. Paw airway pressure

Noninvasive ventilation (NIV) is a method of spontaneous breathing support not requiring endotracheal intubation, potentially reducing the risk of ventilator-associated pneumonia (VAP). Retrospective studies that have analyzed the effectiveness of NIV in AE-IPF reported a mortality rate between 45 and 75%, always related to the worsening of respiratory failure \[[@CR38]--[@CR40]\]. Overall, the decision to start NIV was based on the occurrence of moderate-to-severe dyspnea, respiratory rate above 30 breaths/min, signs of increased work of breathing, and/or PaO~2~/FIO~2~ ratio below 250 mmHg. In most of these studies, NIV was initially delivered continuously in the first 24--48 h and then weaned progressively to longer unassisted intervals, according to the clinical conditions and gas exchange.

More recently, an observational study on a large cohort of patients with AE-IPF who underwent mechanical ventilation showed a lower mortality rate when NIV was applied (30.9%) as compared to conventional mechanical ventilation (51.6%) \[[@CR3]\]. At least theoretically, the survival advantage could be due to the early application of NIV in patients with less severe general conditions, and the ability of preventing VAP.

Also, high-flow oxygen delivered through nasal cannulae (HFNO) has proven efficacy in the management of nonhypercapnic acute respiratory failure \[[@CR50]\]. To date, we are not aware of any randomized trial evaluating the effects of HFNO in patients with AE-IPF. Only a case series by Horio et al. \[[@CR60]\] showed that, when used in IPF patients during AE, HFNO is well tolerated and associated with increased ventilation efficiency, decreased respiratory rate, and reduced work of breathing. However, the potential effectiveness of HFNO should be carefully assessed in this specific subset of hypoxic patients with particular reference to the potential enhancement of fibrotic damage in the lungs following long-term exposure to high concentrations of oxygen.

Extracorporeal membrane oxygenation {#Sec10}
-----------------------------------

Extracorporeal life support is a salvage strategy increasingly applied in ARDS with severe hypoxemia. Venovenous extracorporeal membrane oxygenation (ECMO) is able to provide adequate gas exchange beyond mechanical ventilation, and can potentially reduce the injurious effects of positive pressure ventilation \[[@CR61]\]. The best strategy to ventilate patients receiving ECMO is still debated; however, also in this setting higher driving pressure was associated with increased inhospital mortality \[[@CR62]\].

There is evidence that patients who received mechanical ventilation in the pretransplant period have a significantly higher posttransplant mortality than nonventilated patients, suggesting that a bridge treatment with ECMO should be provided as early as possible \[[@CR63]\]. Indeed, ECMO was used in awake nonintubated patients to preserve the tone of respiratory muscles, as well as to achieve early mobilization and to facilitate posttransplant weaning \[[@CR64]\]. A review including 14 studies evaluated patients with mixed diseases bridged to transplant with ECMO as an alternative to invasive mechanical ventilation \[[@CR65]\], and showed better 6-month survival compared with mechanical ventilation (62% and 35%, respectively). In this analysis, the IPF population ranged from 27 to 62% of patients, and diagnosis of pulmonary fibrosis was not associated with worse survival \[[@CR65]\].

Thus, it can be argued that ECMO might be a promising strategy to bridge lung transplantation in severe patients developing AE-IPF. Notwithstanding, reduced availability and high costs may limit its use in this condition.

Other therapies {#Sec11}
===============

Steroids and immunosuppressive agents {#Sec12}
-------------------------------------

At present, no randomized controlled trials on drug treatments in AE-IPF are available; therefore, recommendations of international consensus are based on weak evidence, as is the case for systemic glucocorticoids (GC) \[[@CR1]\].

Considering again ARDS as a model, perpetuated DAD can be assumed as a dysregulated systemic and pulmonary inflammatory condition, where massive elevation of inflammatory cytokines in blood and BAL fluid correlates with a worse prognosis \[[@CR66]\].

GCs are able to block nuclear translocation of NF-κB, the main pathway of inflammatory cytokine synthesis, through their interaction with the glucocorticoid receptor (GR). Despite this rationale, the use of steroids in ARDS is not recommended routinely, as clinical trials have demonstrated improvements in oxygenation and lung mechanics but not in survival \[[@CR67]\].

Studies on the correlation between systemic inflammation and prognosis in AE-IPF are lacking. However, one study in IPF showed that ST2 serum levels, a protein expressed in T-helper type 2 cells and induced by proinflammatory stimuli, were higher during AE compared to the stable phase or in healthy controls, suggesting that systemic inflammation is a hallmark of AE-IPF \[[@CR68]\], thus opening a potential role for anti-inflammatory drug-based therapy. Notwithstanding, retrospective data derived from AE-IPF patients treated with steroids alone did not show any reduction in mortality rate over the short term (55% in 65 patients treated with methylprednisolone ≥ 500 mg/day or prednisolone both ≥ 0.5 or ≤ 0.5 mg/kg) and the long term (82% at 3 months in 11 patients who received methylprednisolone 1 g/day for 3 days) \[[@CR69], [@CR70]\].

Guidelines in France also support the use of intravenous cyclophosphamide, in addition to steroids, as an immunosuppressive agent \[[@CR71]\]. A retrospective study in 10 patients with AE-IPF treated with methylprednisolone (1000 mg on days 1--3) followed by cyclophosphamide infusion (500 mg on day 4, then increased by 200 mg every 2 weeks up to 1500 mg) showed 50% survival at 3 months. On the other hand, other small retrospective studies did not show any outcome improvement when using such combination therapy in the same subjects \[[@CR70], [@CR71]\].

Moreover, despite the use of many other cytotoxic agents (e.g., azathioprine, cyclosporine A, tacrolimus) being reported anecdotally in other case series of AE-IPF, there is no robust evidence to suggest their use \[[@CR72]\]. Finally, some authors have proposed the nonsteroid approach, consisting of immunosuppression cessation (if any), best supportive care, broad-spectrum antimicrobials, and thorough evaluation to detect reversible causes of deterioration \[[@CR73]\].

Table [3](#Tab3){ref-type="table"} summarizes the drugs currently under investigation as a preventative measure for AE-IPF, notwithstanding that the quality of evidence is still limited. Table 3Pharmacological therapies for AE-IPF, currently proposed or under investigationTherapyStudyNintedanib (preventive therapy)Richeldi et al., 2011 \[[@CR74]\]; Richeldi et al., 2014 \[[@CR75]\]Pirfenidone (preventative therapy)Azuma et al., 2005 \[[@CR76]\]; Taniguchi et al., 2010 \[[@CR77]\]Anti-acid therapy (preventative therapy)Lee et al., 2013 \[[@CR78]\]Corticosteroid monotherapyAkira et al., 1997 \[[@CR79]\]; Al-Hameed and Sharma, 2004 \[[@CR80]\]; Suzuki et al., 2011 \[[@CR81]\]; Tachikawa et al., 2012 \[[@CR82]\]CyclophosphamideAkira et al., 2008 \[[@CR83]\]; Fujimoto et al., 2012 \[[@CR84]\]; Tachikawa et al., 2012 \[[@CR82]\]; Yokoyama et al., 2010 \[[@CR85]\]CyclosporineHomma et al., 2005 \[[@CR86]\]; Inase et al., 2003 \[[@CR87]\]; Sakamoto, et al., 2010 \[[@CR88]\]; Fujimoto et al., 2012 \[[@CR84]\]; Yokoyama et al., 2010 \[[@CR85]\]Polymyxin-B immobilized fiber column hemoperfusionAbe et al., 2011 \[[@CR89]\]; Abe et al., 2012 \[[@CR90]\]; Oishi et al., 2013 \[[@CR91]\]; Seo et al., 2006 \[[@CR92]\]; Tachibana et al., 2011 \[[@CR93]\]Rituximab, plasma exchange, and intravenous immunoglobulinDonahoe et al., 2015 \[[@CR94]\]TacrolimusHorita et al., 2011 \[[@CR95]\]ThrombomodulinKataoka et al., 2015 \[[@CR96]\]; Tsushima et al., 2014 \[[@CR97]\]; Isshiki et al., 2015 \[[@CR98]\]Cessation of immunosuppression, best supportive care, broad-spectrum antimicrobials: "nonsteroid approach"Papiris et al., 2015 \[[@CR73]\]*AE-IPF* acute exacerbation of idiopathic pulmonary fibrosis

Polymyxin-B direct hemoperfusion {#Sec13}
--------------------------------

Polymyxin-B (PMX-B) is a polypeptide antibiotic with bactericidal activity toward Gram-negative bacteria that binds circulating endotoxin \[[@CR99]\]. In patients with severe sepsis, septic shock, or refractory shock, the use of a PMX-B direct hemoperfusion (PMX-B DHP) cartridge has proven high efficacy in reducing the level of circulating endotoxin, removing blood cytokines and activated neutrophils, and preventing the endothelial damage caused by reactive oxygen species (ROS) \[[@CR100]\]. In patients with ARDS developing DAD, PMX-B DHP showed a significant improvement in blood oxygenation \[[@CR101]\]. The use of PMX-B DHP in AE-IPF was first investigated in Japan with an open-label pilot study, followed by two case reports that assessed the safety of the procedure \[[@CR92]\]. Retrospective studies reported survival rates of 47%, 32% and 26% at 1, 2 and 3 months, respectively, after PMX-B DHP in patients with AE-IPF \[[@CR93]\] and significant improvement in the PaO~2~/FIO~2~ ratio in patients with acute exacerbation of interstitial pneumonia of different etiology \[[@CR90]\].

Enomoto et al. \[[@CR102]\] compared the survival rates of 31 patients with AE-IPF, 14 of which were treated with PMX-B DHP. They described a 1-year survival rate significantly higher in patients receiving PMX-DHP B compared with those under supportive care plus steroids alone (48.2% vs 5.9%, respectively). Compared with controls of similar severity, patients with severe underlying disease, identified by a GAP index score of 2 or 3, showed a 65% risk reduction in mortality following PMX-B DHP \[[@CR102]\].

Lung transplantation {#Sec14}
--------------------

In end-stage IPF, lung transplantation may offer better life expectancy with an overall 5-year survival rate around 50% \[[@CR103]\]. Patients with AE-IPF already included in the waiting list should then be admitted to intensive care and bridged to ECMO as soon as possible. In some countries, an emergency list for transplantation is reserved for patients aged younger than 50 years who are admitted to the ICU due to a rapid deterioration of their disease, or requiring any respiratory assistance. The outcome of urgent pulmonary transplantation showed an acceptable survival rate (67% and 59% at 1 and 3 years, respectively) but was greater when compared with elective surgery \[[@CR104]\]. High SAPS score (\> 24), the need for ECMO, and huge elevation of serum procalcitonin were associated with a poor outcome in these candidates \[[@CR105]\].

Conclusions {#Sec15}
===========

AE-IPF shares several pathophysiological features with ARDS, and while the optimal ventilation strategy in these patients has not yet been defined, the extreme fragility of fibrotic lungs suggests adopting a protective ventilation strategy, which seems to positively impact inhospital survival. NIV should only be considered as an early measure, while monitoring the level of respiratory drive activation. ECMO has a role to bridge lung transplantation in severe patients with AE-IPF, but should be started early. Systemic steroids and immunosuppressive agents provide no clear evidence on their ability to change prognosis in AE-IPF.

Taking all of the available evidence into account, it seems that applying the lesson so far learned from ARDS would be the best option to optimally manage AE-IPF as a critical clinical condition affecting the lungs.

AE-IPF

:   Acute exacerbation of IPF

ARDS

:   Acute respiratory distress syndrome

Crs

:   Compliance of the respiratory system

DAD

:   Diffuse alveolar damage

ECMO

:   Extracorporeal membrane oxygenation

E~L~

:   Elastance of the lung

E~TOT~

:   Elastance of the respiratory system

GC

:   Glucocorticoid

GR

:   Glucocorticoid receptor

IPF

:   Idiopathic pulmonary fibrosis

NIV

:   Non-invasive mechanical ventilation

Pes

:   Esophageal pressure

P~L~

:   Transpulmonary pressure

PMX-B

:   Polymyxin-B

PMX-DHP

:   Polymyxin-B direct hemoperfusion

SILI

:   Self-inflicted lung injury

UIP

:   Usual interstitial pneumonia

VAP

:   Ventilator-associated pneumonia

VILI

:   Ventilator-induced lung injury

V~T~

:   Tidal volume

ΔP

:   Driving pressure
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